In patients with gastric cancer (GC), survival is poor, given the late diagnosis. Risk-stratifying these patients earlier could help improve care. We determined whether combining preoperative albumin concentration and the neutrophil lymphocyte ratio (COA-NLR) could predict overall survival (OS) better than other prognostic indexes. Methods: We calculated the COA-NLR and other prognostic indexes with data obtained within 1 week before surgery in a retrospective analysis of patients with GC undergoing curative resection between September 2000 and November 2012. Patients with concentrations of hypoalbuminemia above 35 g/L and an NLR value of 2.3 or higher were given a score of 2. Patients with one of these conditions or neither were allocated scores of 1 or 0, respectively. Patients were monitored until July 2014. Results: OS in the 873 eligible patients was 44.9% in patients with a COA-NLR score of 0, 29.8% in patients with a score of 1, and 20.3% in patients with a score of 2 (P,0.001). The COA-NLR score was independently associated with OS (hazard ratio, 1.35; 95% confidence interval, 1.12 to 1.63; P=0.002). Moreover, the area under the receiver operating characteristics curve was 0.62 for the COA-NLR, which was significantly higher (,0.001) than that of the NLR ratio (0.60), the Glasgow prognostic score (0.58), and the platelet lymphocyte ratio (0.54). The COA-NLR was especially accurate for patients with stage I-II GC and the three values (0, 1, and 2) divided patients into subgroups more accurately than did the other indexes (area under the curve value: 0.66, P,0.001).
Introduction
Gastric cancer (GC) is one of the most common and deadly malignancies worldwide, with an annual incidence of about 1 million cases. 1 Although multidisciplinary treatment, including adjuvant chemotherapy and radiotherapy, has advanced, surgical resection remains the main treatment choice. However, overall postoperative survival is still poor, given the relatively late stage at which the diagnosis is usually made. 2, 3 Hence, interest is increasing in identifying high-risk patients as soon as possible to improve clinical decision making and contribute to a more rational targeted therapy.
The American Joint Committee on Cancer tumor-node-metastasis (TNM) system, the reference standard for predicting GC prognosis, depends on postoperative submit your manuscript | www.dovepress.com
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The host's systemic inflammatory response (SIR) is a critical component of tumor progression. 4 As a state of chronic inflammation, SIR is an essential component in carcinogenesis, promoting both proliferation and migration. [5] [6] [7] Recent studies have shown that SIR is associated with poor outcomes in various types of cancer. [8] [9] [10] Several SIR-based prognostic indexes have been explored for GC, including the Glasgow prognostic score (GPS), the neutrophil lymphocyte ratio (NLR), and the platelet lymphocyte ratio (PLR). [11] [12] [13] Of these, the GPS is regarded as the most promising predictor of postoperative survival. More than 70 studies worldwide have investigated the relationship between the GPS and postoperative survival in several types of cancer.
14 Based on elevated serum concentrations of both C-reactive protein (CRP) and hypoalbuminemia, the GPS reflects both systemic inflammation and malnutrition. 15 Low albumin concentrations are associated with poor survival in GC, and the strength of this association depends on the presence of SIR. 16 Lien et al also concluded that preoperative serum albumin concentration, in conjunction with TNM stage, accurately predicted long-term outcomes in GC. 17 In addition, a recent meta-analysis of nine studies concluded that an elevated NLR was associated with poorer rates of survival in GC patients. 18 Therefore, we hypothesized that an index based on preoperative serum albumin concentration and NLR would predict postoperative survival better than other prognostic scores. The results of our retrospective analysis indicate that the COA-NLR does predict the overall survival (OS) better than other prognostic scores.
Methods
This study complied with the standards of the Declaration of Helsinki and was approved by the Ethical Committee of Sun Yat-Sen University Cancer Center. Every patient provided written informed consent before being included in this study.
Patient selection
We retrospectively analyzed data from all patients with GC who underwent curative resection (D2 lymphadenectomy) at the Cancer Center of Sun Yat-Sen University between September 2000 and November 2012. All patients had stage I to III adenocarcinoma of the stomach, confirmed by pathologic analyses of postoperative histological specimens. Cancers were staged according to the seventh edition of the American Joint Committee on Cancer TNM staging system. 19 After surgery, the patient's case was discussed at a multidisciplinary meeting involving surgeons, oncologists, pathologists, and radiologists. Using current guidelines, patients with high-risk stage II or III GC and no marked comorbidities precluding chemotherapy were offered primarily 5-fluorouracil-based adjuvant chemotherapy. 20 Patients were excluded if laboratory data were incomplete, if there were clinical evidence of infection or inflammatory conditions, if they had undergone neoadjuvant chemotherapy or radiotherapy, or if they had received preoperative intravenous nutrition or anti-inflammatory therapy.
Data collection
Within 1 week before surgery, routine laboratory measurements, including serum concentrations of CRP and albumin; and lymphocyte, neutrophil, and platelet counts, were obtained from all patients and logged in the medical record. Performance status (Eastern Cooperative Oncology Group) was recorded at the time of diagnosis. In addition, preoperative body weight loss was recorded, defined as "none", "limited" (#10%), or "severe" (.10%). 21 Papillary and moderately differentiated histological grades were categorized as well-differentiated cancers, and signet ring cell, mucinous types, and undifferentiated grades were categorized as poorly differentiated cancers. 22 Patients were followed regularly at 6-to 12-month intervals with laboratory tests, dynamic computed tomography scans, and gastroscopic examinations. The last follow-up date was July 8, 2014. OS was measured from the date of surgery to the date of death or to the last follow-up visit. Thus, data were censored as of July 8, 2014 .
The NLR and PLR were defined as the absolute neutrophil count and platelet count, respectively, divided by the absolute lymphocyte count. The GPS was calculated from serum CRP and albumin concentrations. As reported previously, 23 standard clinical thresholds were used for some common variables, including CRP and albumin concentrations; and lymphocyte, neutrophil, and platelet counts (Table 1) .
Patients who had a CRP concentration .10 mg/L and an albumin concentration ,35 g/L were assigned a score of 2. Patients with only one or neither of these concentrations were assigned a score of 1 or 0, respectively. 15 The COA-NLR was calculated as follows: patients with both hypoalbuminemia (,35 g/L) and an elevated NLR ($2.3) were allocated a score of 2, and patients with one or neither were allocated a score of 1 or 0, respectively. The optimal thresholds for other variables were defined using the Youden index and receiver operating characteristic (ROC) curve analyses.
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Prognostic predictors of gastric cancer statistical methods Patient characteristics are summarized as mean and 95% confidence interval (CI). Differences among the three groups (ie, patients with prognostic scores of 0, 1, or 2) were analyzed with Pearson's chi-squared test. OS was calculated with the Kaplan-Meier method, and differences were assessed by log-rank tests. The Shapiro-Wilk test was used to assess the normality of distribution. If a continuous variable was proven for the assumption of linearity in the logit, it was categorized by the optimal cutoff value. ROC curves were plotted, and the optimum cutoff value for predicting OS was determined with Youden index (maximum [sensitivity + specificity] minus 1). Unadjusted and multivariate analyses were performed to identify potential prognostic factors. Variables significantly associated with OS at the 0.05 level in the unadjusted analysis were considered for inclusion in a multivariate Cox proportional hazards model. 9, 24, 25 The discriminatory ability of each prognostic score was expressed as the area under the curve (AUC). All data were analyzed with the SPSS statistical software package, version 19.0 (IBM Corporation, Armonk, NY, USA). Alpha was set at 0.05, and all tests were two-tailed.
Results
Of the 1,017 patients evaluated, 96 had incomplete laboratory data, 24 had clinical evidence of infection or inflammatory conditions, 13 had undergone neoadjuvant chemotherapy or radiotherapy, and eleven had received preoperative intravenous nutrition or anti-inflammatory therapy. In the 873 eligible patients (594 males and 279 females), the median (range) age was 59 (19-89) years. Median (range) follow-up period was 36 (1-165) months. The 471 patients who died before July 8, 2014 (54.0%) were included in the analysis; 402 (46.0%) patients were alive at the last follow-up. Of the 873 patients, only six patients died of other diseases or reasons and most of the patients died of tumor recurrence and metastasis. During the observation period, 13 of 108 stage I patients died and ten (9%) patients died of recurrence of cancer at last follow-up.
The COA-NLR score was 0 for 488 patients, 1 for 328 patients, and 2 for 57 patients. Albumin concentrations and the NLR were inversely correlated (r=−0.14; P,0.001). Groups with the three scores differed significantly according to mean age, tumor size, tumor location, performance status, preoperative body weight loss, metastatic lymph node ratio, histological grade, and TNM stage ( Table 2 ) and by OS. OS was 44.9% in patients with a COA-NLR score of 0, 29.8% in patients with a score of 1, and 20.3% in patients with a score of 2 (P,0.001). Mean survival was also significantly longer in patients with a COA-NLR of 0 (87.7 months) than in those with a score of 1 (65.3 months) or 2 (51.8 months; Table 3 ; Figure 1 ).
Unadjusted analysis indicated that age, tumor size, tumor location, preoperative body weight loss, histological grade, metastatic lymph node ratio, TNM stage, neutrophils, CRP, albumin, NLR, PLR, GPS, and COA-NLR score were associated with OS. Multivariate analysis indicated that COA-NLR score was independently associated with OS (hazard ratio [HR], 1.35; 95% CI, 1.12 to 1.63; P=0.002), as were TNM stage, metastatic lymph node ratio, preoperative body weight loss, histological grade, tumor location, and age (Table 4) .
Because the COA-NLR was closely associated with the above variables, its prognostic value was further investigated with subgroup analysis. Prognostic significance was still maintained when patients were stratified by age (,60 To further assess the discriminatory ability of the indexes, we compared the areas under the ROC curve. The COA-NLR index had a significantly higher AUC value than the others, Abbreviations: cOa-nlr, the combination of albumin level and neutrophil lymphocyte ratio; TnM, tumor-node-metastasis staging. including the GPS, which has been regarded as a prognostic milestone (Table 5 ; Figure 2 ). Of note, in stage I-II GC, the COA-NLR was superior to other established inflammationbased prognostic indexes in terms of its prognostic ability, with a higher AUC value (0.66; P,0.001), and it divided patients into subgroups more accurately (all P-values for association with OS were ,0.05; Figure 3 ). In addition, the AUC value of the COA-NLR was the highest for patients with stage I GC (AUC value: 0.72; P=0.009).
Discussion
We determined the prognostic value of the COA-NLR for patients with GC. The COA-NLR score had a greater AUC 
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The link between inflammation and cancer is well established, although the underlying mechanism is not completely understood. Inflammatory responses can induce chronic oxidative stress and produce oxygen-free radicals, which can stimulate carcinogenesis, proliferation, and progression. 26 Furthermore, proinflammatory cytokines release tumorassociated leukocytes that can generate various inflammatory cytokines, including tumor necrosis factor-alpha, interleukin, and vascular endothelial growth factor, which facilitate cancer growth, invasion, and metastasis 7,27,28 and suppress antitumor immunity, which further promotes proliferation and progression. 29 Inflammation-based prognostic indexes, such as the NLR, PLR, and GPS, have been reported to have value in patients with various types of cancer, including GC. [30] [31] [32] In the metaanalysis described earlier of ten studies with a pooled sample size of 2,952 patients, OS was significantly better in patients with low NLR values, and the pooled HR was significant (HR, 1.83; 95% CI, 1.62 to 2.07). 33 Hypoalbuminemia, as a state of malnutrition, also independently predicts survival in patients with GC. 16 Albumin, which preferentially accumulates in tumor tissue, is a major energy and nutrition source for tumor growth. Additionally, hypoalbuminemia can impair cellular immunity, which eventually results in a poor prognosis. Al-Shaiba et al confirmed an association between hypoalbuminemia, inflammation, and poor outcome in patients with colorectal liver metastases. 34 Thus, albumin concentration is not only a nutritional marker, it is also an inflammatory response marker. Accumulating evidence indicates that hypoalbuminemia is associated with poor survival in several primary malignancies, including GC. [35] [36] [37] Therefore, we speculated that an index based on preoperative serum albumin concentration and the NLR might be a promising tool in predicting outcomes in GC. In the current study, we found that the COA-NLR was a valuable predictor of OS independent of TNM stage. Furthermore, it was significantly associated with some variables indicating poor prognosis, including higher TNM stage, more metastatic lymph nodes, and larger tumor size. Obviously, an elevated COA-NLR score was associated with more aggressive tumor features. In subgroup analyses, the prognostic accuracy of the COA-NLR was still substantial, although it was not significant in patients with tumors located in the middle stomach and limited preoperative body weight loss. However, only eight patients with tumors located in the middle stomach and only 18 with preoperative weight loss had a COA-NLR score of 2, so these results should be viewed with caution.
The PLR did not independently predict OS in the multivariate model that included the COA-NLR. Therefore, these Papillary and moderately differentiated histological grades were categorized as well-differentiated cancers, and signet ring cell, mucinous types, and undifferentiated grades were categorized as poorly differentiated cancers. Abbreviations: CI, confidence interval; COA-NLR, the combination of albumin level and neutrophil lymphocyte ratio; TnM, tumor-node-metastasis staging. than the other indexes studied and it was associated with more aggressive tumor features. We believe it can be used as an independent marker of poor prognosis in patients undergoing curative resection for GC without neoadjuvant treatment.
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sun et al data suggested that the COA-NLR might have more prognostic value than the PLR in these patients. In fact, Kim et al drove a similar conclusion that the NLR, rather than the PLR, was an independent prognostic factor for GC. 11 Future studies are needed to further assess the potential prognostic value of the PLR in GC.
In our study, adjuvant chemotherapy was not associated with OS in the unadjusted analysis, although mean survival time was longer in patients with adjuvant chemotherapy than in those without adjuvant chemotherapy (74.5 vs 80.2 months), a finding consistent with Han et al. 38 They retrospectively analyzed 7,954 patients undergoing D2 gastrectomy for GC in Korea. Multivariate analysis identified age, sex, location, depth of invasion, number of metastatic lymph nodes, and number of examined lymph Abbreviations: CI, confidence interval; COA-NLR, the combination of albumin level and neutrophil lymphocyte ratio; CRP, C-reactive protein; GPS, Glasgow prognostic score; hr, hazard ratio; nlr, neutrophil lymphocyte ratio; Plr, platelet lymphocyte ratio; TnM, tumor-node-metastasis staging. 
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Prognostic predictors of gastric cancer chemotherapy for patients with GC after curative resection, especially in stage-matched analysis. 39, 40 We speculated some confounding factors, namely TNM stage or adjuvant chemotherapy administration, might influence the prognostic value of adjuvant chemotherapy.
To further evaluate the discriminatory ability of the inflammation-based prognostic scores, we compared the AUCs. The COA-NLR had a higher AUC value than those of the other prognostic scores, suggesting that the COA-NLR might be a better marker of systemic inflammation and malnutrition than the GPS, PLR, and NLR scores. Therefore, COA-NLR was not only capable of classifying patients with GC into three independent groups before surgery; it was also a potential predictor of OS in such patients.
Our index has predictive capabilities, especially in patients with stage I-II GC, so it may be more suitable for predicting the outcome in such patients than other 
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sun et al prognostic indexes. Although the survival curve for the NLR is identical to that of patients with a COA-NLR score of 0, the COA-NLR more accurately assessed prognosis because it has a higher AUC value. OS in patients with a COA-NLR score of 2 was significantly lower than in patients with an NLR score of 1 (35.5% vs 46.3%; P,0.001). Obviously, the COA-NLR score could more accurately identify highrisk patients with stage I-II GC. In addition, the COA-NLR score classified patients into three independent groups, which effectively stratifies prognosis in patients undergoing curative resection for GC. More importantly, we found that patients with stage I GC alone had the most to gain from an improved ability to predict poor outcome. It is worthy of being further validated in future studies.
The preoperative COA-NLR score may identify patients with a poor prognosis. If so, resources can be better allocated to patients most at risk, such as closer follow-up and more aggressive adjuvant chemotherapy. In addition, such patients may benefit from targeted anti-inflammatory therapy after surgery. 41 Furthermore, the COA-NLR score may be able to guide the use of some anti-inflammatory agents. Finally, whether a targeted preoperative nutritional intervention or neoadjuvant therapy could improve outcomes in patients with COA-NLR score of 2 is also worth exploring.
strengths and limitations of the study
Limitations of our research include the fact that it was done at a single center and we did not have data on disease-free survival. We also had no information on nutritional support and neoadjuvant therapy. Although the study was retrospective and the number of patients with some scores was small, overall it involved a large and representative sample of patients who underwent uniform surgical procedures, laboratory tests, and follow-up throughout the entire study period. Thus, we believe that the evidence supports the claim that the COA-NLR has prognostic value.
Conclusion
We believe our study supports the usefulness of the preoperative COA-NLR score for predicting the OS in patients with GC undergoing curative resection without neoadjuvant treatment.
